Rock magnetic and petrolopic studies of a suite of deep crustal rocks from the Arunta Block of Central Australia reveal that the granulite grade rocks are in general much more magnetic than the amphibolite grade samples irrespective of bulk rock composition. The dominant magnetic mineral in all samples is relatively pure magnetite as determined from thermomagnetic and electron microprobe analysis. The bulk magnetic properties are typical of pseudo-single-domain to multidomain size material. The samples from our study have very large remanences compared to previous crustal magnetic studies, with the granulites having a median natural remanent magnetization of 4.1 A/m and Koenigsberger ratio of 7.2. These remanences are relatively resistant to thermal demagnetization, with nearly 50% of the magnetization remaining after 400øC demagnetization. Thus remanence may contribute significantly to the observed magnetic anomalies, including long-wavelength magnetic anomalies, the source of which resides at depth and therefore at elevated temperature, where a thermoviscous reinanent magnetization along the present-day field is likely to dominate. The magnetic susceptibilities of the samples are only capable of producing a magnetization of less than 1 A/m in the 0.05 mT present-day field of Central Australia. Susceptibility is nearly constant with temperature to within 30øC of the Curie temperature where it decreases rapidly, i.e., there is no significant Hopkinson peak. The granulite samples from this study have magnetizations, both reinanent and induced components, that are large enough to account for most long-wavelength magnetic anomalies if they are juxtaposed with relatively nonmagnetic rocks, similar to the high-grade rocks in the Canadian Shield.
range of compositions but includes a large proportion of mafic rocks; (2) the samples have pristine mineralogies with litfie or no evidence of retrograde metamorphism; (3) the rocks are well exposed and afford generally easy access; (4) fresh samples can easily be obtained because the weathered layer is generally less than 5 mm thick; (5) the locale has been the site of several detailed studies over the past decade which include seismic, structural, tectonic, and geochronologic studies [Glikson, 1987a; Teyssier, 1985; Glikson, 1987b The metamorphic Arunta Block is exposed north of the Amadeus Basin and is subdivided into Northern, Central, and Southern Provinces based on stratigraphy, metamorphism, and tectonic evolution (Figure 1 ). This study concentrates on the rocks of the Central Province, but includes some sampling of the Southern Province.
The Central Province is characterized as a granulite grade metamorphic terrane with compositions ranging from felsic to mafic Glikson, 1987a; Shaw and Black, 1991] . Peak metamorphism for the Central Province was 8+1 kbar (1 kbar=100 MPa) and 700-900øC [Glikson, 1987a; Shaw, 1987] , which occurred during the Late Strangways event at approximately 1700-1800 Ma [Wellman, 1978] , and there is also a distinct change in the character of the aeromagnetic anomalies across this zone [Mutton and Shaw, 1979; Glikson, 1987b] . Recent structure and geochronology studies suggest that the RTZ has had a complicated tectonic history, but in general has experienced two main thrusting events, one during the Anmatjira Event at -1500-1400 Ma and the other during the Alice Springs Orogeny at 400-350 Ma [Collins and Teyssier, 1989; Shaw and Black, 1991] . Deformation during these events has been concentrated along the RTZ allowing relatively passive uplift of the granulite terrane. Therefore the textures and mineralogy of the granulites are generally pristine and have not reequilibrated during uplift (Figure 2 ). Deformation has occurred along a few discrete, retrograde shear zones within both the Southern and Central Provinces, but this is usually relatively easy to identify in the field and from petrographic observations.
Classification of Rocks
The rock classification of this study is based on the previous work in the area by Glikson [1987b] , as well as our observations in the field and on the microscope. The samples were classified as granulites based on textural characteristics and composition.
The granulites exhibit the classic granoblastic texture [Vernon, 1975] Approximately 100 polished thin sections have been examined, in both transmitted and reflected light, from the samples upon which the magnetic properties were measured. Optically, the granulites show no evidence of zoning in either the silicates, including garnet, or the opaques. The opaque minerals have been examined in some detail since they are responsible for the magnetic properties of the samples. The opaque mineralogy is dominated by magnetite and ilmenite with <10% being sulfides (pyrite, chalcopyrite, pyrrhotite). The opaques usually occur as discrete grains, intimately associated coarse intergrowths of magnetite-ilmenite ( Figures  2c and 2d) , along grain boundaries, and in some cases in microfractures and as rods along plagioclase and pyroxene grain boundaries (Figure 2b ). Hematite-type staining has been observed in a few samples, most often in samples that display evidence of retrograde metamorphism or surficial weathering; but hematite has not been identified as a significant contributor to the magnetic properties of these rocks. Magnetite grains occasionally contain f'me 1amellae (<1 pan x 1 to tens of gm) that are either aligned in one plane (Figures 2c and lid) , occur along two perpendicular planes, or, in a few cases, along three planes. We have examined the lamellae with both an electron microprobe and a scanning electron microscope with an energy dispersive system (SEM EDS) but could not determine their exact composition because of their small size. The major cation element composition of the lamellae is aluminum plus iron, although the iron in the analysis could come solely from the surrounding magnetite as the beam diameters are larger than the lamellae widths. Aluminum must account for a minimum of 10% of the lamellae composition. The aluminum cannot be contamination from the polishing compound as the samples for SEM analysis were polished with diamond slurries and were never exposed to any alumina compound. The effect these lamellae may have on the rocks' magnetic properties will be discussed in the section on rock magnetism. increase in magnetic susceptibility [Nagata, 1966 [Nagata, , 1970 . The which has also been observed in other rocks from the Arunta amount of change is reversible and dependent on both composition and magnetic grain size, but it can be +40% at 2 kbar of differential stress [Nagata, 1966 [Nagata, , 1970 Martin 1980 data are often consistent at individual sites (over tens of square meters) but not between sites (over kilometers). A probable cause for the variations in the original NRM direction is that during the progressive stages of uplift, different sites were magnetized at different times depending on their blocking temperature distributions and the lengths of time that they resided at various temperatures. In addition, some samples may have been affected by lightning. But rocks presently residing at elevated temperature within the crust would acquire a thermoviscous remanent magnetization along the present day geomagnetic field, and this would be in a nearly uniform direction over an entire terrane. Since all of the samples are oriented, using the directional data and the thermal unblocking data one may be able to constrain the uplift history of this block, but such a large scale, detailed demagnetization study has not been undertaken to date.
The effects of pressure on remanence, including demagnetization, piezo-remanent magnetization, and aftereffects, have been addressed in a variety of studies, mostly concentrating on the effect of deviatoric stress [e.g. Nagata and Carleton, 1969; Martin, 1980] , not absolute pressure [Martin, 1988] , which is the dominant component of stress in the lower crust. Applying a hydrostatic pressure of 2 kbar can cause the thermoremanent magnetization (TRM) to decrease by approximately 30%, compared to the room pressure value [Martin, 1988] . During release of the pressure in zero field, the remanence remains relatively constant, i.e., it does not rebound to the previous value at room pressure. Piezoremanent magnetism (PRM) is the magnetization a sample acquires during the release of pressure while in a magnetic field [Nagata, 1970] . Since PRM is acquired during the release of pressure, rocks presently residing in the lower crust will not carry a significant PRM. The uplift of lower crustal samples to the surface generally takes tens of millions of years during which the Earth's field will reverse many times. Thus the resultant PRM is likely to be small. Therefore, if the remanence of a rock was acquired while it was at elevated pressure, the NRM that we measure in the lab will not be significantly affected by its subsequent pressure history.
Studies have found that the rate of acquisition of viscous magnetization in titanomagnetite (TM60) greatly increases (2-10 times) at a uniaxial pressure of <0.5 kbar [Pozzi, 1975; Sporer, 1984] , but no work has been done on the effect hydrostatic pressure may have on the acquisition of viscous magnetization in magnetite. All of the above work on pressure effects has been performed at room temperature; thus its direct application to the lower crust is unknown. It is likely that the sign of the changes will remain the same, but the amount may be quite different.
The Elevated-temperature hysteresis loops were measured on a few selected samples to increase our understanding of how the magnetic properties may vary with depth in the Earth. As might be expected, the loop parameters all decrease with increasing temperature, but what is more interesting is how their ratios change (Figure 14) . The ratios show that there is generally only a small change in the effective magnetic grain size below 500øC, but above this temperature the magnetic grain size increases dramatically. This is probably due to a change in the equilibrium number of domains [Heider, 1990] [Rochette et al., 1990 ]; a decrease in remanence in the 100-120 K range, most likely due to the magnetocrystalline anisotropy constant, kl, of magnetite going to zero in this temperature interval; and a general decrease in remanence due to both thermal demagnetization and the decrease in Js with temperature. The component that dominates at a given temperature depends on the proportions of the different minerals. From the above measurements, and from low temperature hysteresis loops, there is no evidence for a large fraction of magnetite to be superparamagnetic (SP)or near-SP at room temperature. However, this conclusion is somewhat complicated by the presence of the iron poor ferroilmenite and pyrrhotite. SP material is not important for the interpretation of remanent magnetization in the lower crust, but it may affect magnetic susceptibility and the measured hysteresis parameters.
DISCUSSION AND CONCLUSIONS
The dominant magnetic mineral in these Arunta Block samples is magnetite with an average Curie temperature of 567øC, which is consistent with other crustal studies.
Magnetite is petrologically the stable magnetic phase under most prograde granulite facies conditions [Frost, 1991] . The most prominent variations of magnetization within the section are generally metamorphically controlled, an observation similar to that made by Schlinger [1985] and Wasilewski and Warner [1988] . The most magnetic rocks are the granulites, but within the granulites the magnetization is independent of the percentage of bulk ferromagnesian minerals. The bulk-rock composition is only of secondary importance, contrary to the observations of Schlinger [1985] and Wasilewski and Warner [ 1988] , who found the most magnetic units to be dominated by mafic compositions.
The remanent magnetizations of the granulite samples have a median value of 4.1 A/m, which is large enough to produce most of the observed long-wavelength magnetic anomalies. Even at a temperature of 400øC, nearly half of the remanence of the Arunta Block samples remains. Thus, even though the source of the anomalies are rocks that presently reside at elevated temperature, remanence can contribute significantly to the anomalies. Large NRMs appear to be characteristic of the Arunta Block as they were also reported by Mutton and Shaw [1979] [Percival, 1989] , while the Arunta Block
